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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International applicatton No, PCT/GBOO/01 112 



I. Basis of the report 

1 , With regard to the elements of the International application (R&pf^cem&nt sheets which have been furnished to 
the receiving Office in response to an invitation under Art/cie 14 are referred to in this report as "on'ginally fil&d'' 
and are not annexed to this report since they do not contain amendments (Ruies TO. 1 6 and TO. 1 7)): 
Description, pages: 

1-16 as originally filed 



Claims, No.: 
1-26 

Drawings, sheets: 
1/4-4/4 



as originally fiied 



as originally filed 



2. With regard to the language, all the elennents marked above were available or furnished to this Authority in the 
tanguag© in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 
n the language of publication of the international application (under Rule 4S.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination {under Rule 
55.2 and/or 55.3), 

3- With regard to any nucleotide and/or amino add sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form, 

n filed together with the intemational application in computer readabie form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished- 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

X. The amendments have resulted in the cancellation of: 

□ the description, pages; 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. n This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement she&t containing sucti amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

111. Non-establishment of opmlon with regard to novelty, Inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 23-26. 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specify): 

the description, claims or drawings {indicate particular efemBnts ty3fov\/) or said claims Nos. 23-26 are so 
unclear that no meaningful opinion could be fonned {specify^- 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
instructions: 

Q the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been f umished or does not comply with the standard. 

V, Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

' - Statement 

Novelty (N) Yes: Claims 1 -7, 9-1 2, 1 4-1 8, 21 -22 
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No: 



Claims S, 13, 19-20 



Inventive step (IS) 



Yes; 

No; 



Claims 14-18,22 
Claims 1-13,19-21 



Industrial applicability (iA) 



Yes: 
No: 



Claims 1 -22 
Claims 



2. Citations and explanations 
see separate sheet 



Vfl. Certain defects tn the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

Viii- Certain observations on the International appEicatlon 

The following obsen^ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1- Claims 23-26 solely rely on references to the drawings (see Section VIII. 1 of this 
report). It is therefore difficult, if not impossible, to determine the matter for which 
protection is sought by said claims. Hence, no opinion is established for claims 
23-26- 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, Inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents : 

D1 : EP-A-0 266 602 (ASEA AB) 1 1 May 1 988, 
D2: EP-A-0 951 1 32 (ABB RESEARCH LTD) 20 October 1999, 
D3: US-A-5 71 0 475 (BAUMGARTNER CHARLES EDWARD ET AL) 20 January 
1998, 

D4: EP-A-0 760 282 (KANEQAFUCHI CHEMICAL IND) 5 March 1 997, 
D5: DE 195 47 229 A (ASEA BROWN BOVERI) 19 June 1997, 
D6: US-A-4 008 409 (RHUDY RALPH G ET AL) 15 February 1977 and, 
D7: GB-A-1 526 081 (WESTINGHOUSE ELECTRIC CORP.) 27 September 
1978. 

Document D7 was not cited in the International search report. 

2.1 The present application does not meet the requirements of Article 33(3) PCT, 
because the subject-matter of claim 1 does not involve an inventive step, the 
reason being as follows : 

2.2 Document D1 , which is considered to represent the most relevant state of the art» 
discloses (of. Figure 2) : 

a composite conductor suitable for use as a winding of a high voltage 
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electrical machine (cf, column 2, lines 52-54), 

a plurality of strands (18) of conductor material forming a conductor bundle 
(17) which in cross-section is of generally rectangular shape, 
the strands (18) being insulated (19) from each other within the bundle (17), 
an insulation sleeve (14) of substantially homogeneous polymeric material 
(cf, column 3, lines 30'34)» 

the insulation sleeve (14) having a generally rectangular shape in cross- 
section and, 

the polymeric material being filled with at least one electrically insulating filler 
material which conducts heat more efficiently that the polymer alone (cf- 
column 2, lines 1-6). 

2-3 The subject-matter of claim 1 differs from this disclosure in that conductive 

material forming a corona shield coating at the inner and outer surfaces of the 
insulation sleeve is provided. 

The problem to be solved by the present invention may therefore be regarded as 
to prevent electrical degradation of the insulation sleeve due to corona discharges 
across voids between the conductor material and the insulation sleeve and across 
voids between the insulation sleeve and the stator slot walls. 

However, a solution to this problem has already been proposed in a similar 
composite conductor, see document D6, column 4, lines 23-28. It would be 
obvious to the person skilled in the art, namely when the same result is to be 
achieved, to apply these features with corresponding effect to a composite 
conductor according to document D1 , thereby arriving at a composite conductor 
according to claim 1 . The subject-matter of claim 1 does therefore not involve an 
inventive step (Article 33(3) PCT). 

3. Rounding the comers of rectangular shaped conductor bundles and insulation 
sleeves is a measure well-known to those skilled in the art in order to prevent 
corona discharge at these corners (of. document D7, page 1, lines 10-22). The 
solutions provided by subject-matter of claims 2-6 therefore come within the scope 
of the customary practice followed by persons skilled in the art- Consequently, the 
subject-matter of claims 2-6 lacks an inventive step. 
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4. Twisting a conductor bundle around the longitudinal centerline of the bundle in 
order to reduce losses from eddy currents Is a normal design procedure. The 
subject-matter of claim 7 does not involve an inventive step and does not satisfy 
the criterion set forth In Article 33(3) PCT. 

5. The features Introduced by the subject-matter of claim 8 are known from 
document D1 (cf. column 2, lines 1-6). 

6- A high-temperature resistant polymeric sleeve material comprising a fluoro 

polymer or an aromatic polymer Is known from document D3 {cf. column 2, lines 
30-37). The skilled person would therefore regard it as a normal design option to 
include this feature In the composite conductor described in document D1 in order 
to solve the problem underlying claims 9 and 10. The subject-matter of claims 9 
and 10 does not therefore involve an Inventive step. 

7. The subject-matter of claims 11, 11' and 12 is known from document D6 (cf. 
column 4, line 60 - column 5, line 33). The skilled person would therefore regard 
it as a normal design option to include these features in the composite conductor 
described In document D1 In order to solve the problems underlying these claims. 
The subject-matter of said claims does not therefore involve an inventive step, 

8. The features introduced by the subject-matter of claim 13 are known from 
document D1. 

9. Document D1 nor any of the other prior art documents show the additional 
features introduced by claim 14. The subject-matter of claim 14 Is therefore new 
and involves an inventive step. 

10-1 Document D1 , representing the most relevant state of the art, does not disclose a 
process for making a composite conductor comprising the steps of : 

gathering together a plurality of strands of conductor material into a 
conductor bundle and twisting the bundled strands bodily about a 
longitudinal centeriine of the bundle to form a twisted conductor bundle, 
applying a coating of conductive material to the exterior of the twisted 
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conductor bundle to form a first, inner, corona shield, 

extruding an insulating sleeve of homogeneous polymeric material onto the 
coating of conductive material on the conductor bundle, the polymeric 
material having been previously filled with at least one insulating filler 
material which conducts heat more efficiently than the polymer alone and, 
applying a coating of conductive material to the outer surface of the 
insulating sleeve to form a second, outer, corona shield; wherein each strand 
of conductor material is provided with an insulating coating by at least one of 
coating the strands before the fomnatfon of the conductor bundle, and 
coating the strands during the impregnation step. 

10.2 The problem to be solved may therefore be regarded as to provide a process for 
making a composite conductor with an Insulation sleeve resistant against 
electrical degradation and with reduced winding losses from eddy currents. 

None of the available prior art documents discloses or suggests a process 
comprising the abovementioned steps. The subject-matter of independent claim 
15 IS therefore novel (Article 33(2) PCT) and involves an inventive step (Article 
33(3) PCT). 

1 1 . Claims 1 6-18 are dependent on claim 15, The subject-matter of sard claims is 
therefore also novel and involves an inventive step. 

12. The subject-matter of claims 19-20 is known from document D1 (cf. column 1 , 
lines 5-14). 

13. Retaining means for retaining the windings in slots are well-known to those skilled 
in the art (cf. Document D5, figure 1, reference sign 6). The skilled person would 
therefore regard it as a normal design option to include this feature In the 
composite conductor described in document D1 in order to solve the problem 
underlying claim 21 . The subject-matter of claim 21 does not therefore involve an 
inventive step. 

14- Document D1 nor any of the other prior art documents show the method of 

making a stator according to claim 22. The subject-matter of claim 22 is therefore 



Form =>CT/Separate SheQt/409 (Sh9et4) (EPQ-Aprlt 1&97) 



INTERNATIONAL PRELIMINARY international application No. PCT/GBOO/01 1 1 2 
EXAMINATION REPORT - SEPARATE SHEET . 

new and involves an inventive step. 

15. The present application is susceptible of industrial application in the sense of 
Article 33(4) PCT. 

Re Item VII 

Certain defects In the international application 

1 . Independent claims 1 and 1 6 are not in the two-part form In accordance with Rule 
6 3(b) PCT, with those features known in combination from the prior art 
(document D1) being placed in the preamble (Rule 6.3(b)(i) PCT) and with the 
remaining features being included in the characterising part (Rule 6.3(b)(ii) PCT). 



2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3. Claims 1 1 '-26 should be renumbered as claims 1 2-27. 

4 contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in documents D1 , D3. D6 and D7 is not mentioned in the descnption. 
nor are these documents identified therein. 

5 According to the requirements of Rule 11.1 3(1) reference signs not appearing in 
the description shall not appear In the drawings, and vice versa. This requirement 
is not met In view of the reference signs 16 (wedge) and H (height of insulating 
sleeve) which appear in the description but not in the figures. 

Re Item Vm 

Certain observations on the international application 

1 . According to Rule 6.2(a) PCT. claims should not rely on references to the 

drawings (see PCT International Preliminaiy Examination Guidelines, iii-4.iu). 
Claims 23-26 solely rely on such references. It is therefore difficult, if not 
impossible, to detennine the matter for which protection Is sought by said claims. 
Claims 23-26 do not meet the requirements of Article 6 PCT. 
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From the INTERNATIONAL BUREAU 

To: 



DARGAVEU Laurence, Peter 

Alstom UK Ltd. 

Miri Road 

P,0. Box 70 

Rugby 

Warwickshire CV21 tTB^ ' 
ROYAUME-UNI " 



Date of mailing (da y/mo nth/year) 
12 May 2000 (12.05-00) 


IMPORTANT NOTIFICATION 


Applif;ant's or agenf s file reforenco 
70017.WO/LML 


Intemationai application No, 

PCT/G BOO/011 12 



The applicant is hereby notrfied that the International Bureau has received the record copy of the internationst application as 
detdifed below. 

Nanrte(s) of the applicant(s) and State{sJ for which they aro applicdnt$: 

ALSTOM UK LTD. (for gil designated States except US) 
GLEW, Charles, Neville (for US) 

International filing date : 31 March 2000 (31,03,00) 

Pnorfty date(s) cla Imed : 01 AprI I 1 999 (01 .04.99) 
Date of receipt of the record copy • 

by the International Bureau : 1 8 April 2000 (1 8.04.OO) 

List of designated Offices : 

EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GRJE,IT,LU,MC,NL,PT,SE 
National :AU,CA,JP,KR,MX,NO,RU,US,ZA 



PCT 

NOTIFICATION OF RECEIPT OF 
RECORD COPY 

(PCT Rule 24.2(a)). 



ATTENTION 

The applicant should carefully cheofc the data appoaring in this Notification. In case of any discrepancy between these data 
and the indications in the mternationef application, the applicant should immediateiy inform the Internationat Bureau. 

In addition, tfie applicant's attention is drawn to th« informatian contained in the Annex, relating to: 



time limits for entry into the national phase 
confirmation of precautionary desisriations 
raqutrements regarding priority documents 



A copy of this NotifioattiOti )$ being sent to the receiving office and to the International Searching Authority. 



The tiitei-national Bui^U of WlPO 


Authorized officer: 






34, chemin des Colombettas 


S. Cruz 




121 1 Geneva 20, Switzerlarkd 




Facsimile No^ (41-22)740-14.35 


Telephone No. (41-22)338.83,38^/ 





Form PCTyja/301 (July 1998) 



003281032 



nQ/r>«/ni ppt nft*i« rnnY/T?Y xrn r/io91 H^nno 



PATENT COOPERATION 




ATY 





From the INTERNATIONAL BUREAU 


PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

{PCTOfeimmfstrative Instructions, Section 411) 


To; 

DARGAVEL, Laurence, Peter 

/At c» torn vJiN UkU+ 

Mill Road 
P.O. Box 70 
Rugby 

Warwickshire CV21 1TB 
ROYAUME-UNI 


Date erf naalmg (day/nnonth/year) 

23 Nfey 2000 (23-05.00) 




ApplicantiEor agent's file reference 
70aiZiWO/LML 


IMPORTANT NOTIFICATION 


Intematiorai application No, 
PCTjCltBOO/01112 


International filing date (day/month/yearj 
31 March 2000 (31.03.00) 


intematjcTraf publication ddte (day/nrtonth/year) 

Noty^t published 


Priority date (day/monthi/year) 

01 April 1999 (01.04.99) 


Applicam 

ALSnOM UK LTD. et al 



1. The ^ Meant is hereby notified of the date of receipt (except where the letters "MR" appear in the right-hand column) by the 
Intensi^ionai Bureau of the priority document(s) relating to the earlie*' appMc3tion($) indicated below. Unless otherwise 
indicaed by an asterisk appearing next to a date of receipt, or by the letters "NR", in the riflht-hand column, the priority 
docunant concerned was submftted or transmitted to the International Bureau in compliance with Rule 17,1 (a) or (b). 

2. This'jgjdates and replaces any previously issued notification concerning submission or transmittal of pHority documents- 

3. An attn-isM*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
ortraismitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of theapplicant is directed to Rule 1 7.1 (o) which provides that no designated Office may disregard the priority claim 
conoarned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
withtna tiitie limit which is reasonable under the circutnstances, 

4. The teers "NR" appearing in th© right-hand column denote a pnority document which was not received by the internattongil 
Buraaior which the applicant did not request the receiving Office to prepare and transmit to the International Bureau. 

as poylded by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
proviiisthat no designated Office may disreoard the priority cfaim concerned before giving the applicant an opportunity, 
Uponeffitry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
crrcansta nces. 
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rvior:iY.s*i;tuMcatign No. 



9907507.7 



o.r,.P.CT rficflfvin'3 Office 
GB 



of DriQrity_dOQument 

15 May 2000(15.05,00} 



Hie International Bureau of WIPO 
34, chimin des Colombettes 
1211 Geneva 20, SwHzeWand 


Authofi2ed officer 

Lazar Josej^ 


^makal 


FacsimiJe)"^. (4V22) 740.14,35 


Telephone No. (41-22) 33S.S3.38 
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(PCT Rule 47A(c)r first sentence) 
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DARGAVEL, Laurence, Peter 

AJstom UK Ltd. 

Mill Road 

P.O. Box 70 

Rugby 

Warwickshire CV21 1TB 
ROYAUME-UNI 


Date of mailins (dey/month/year) 
12 October 2000 (12.10.00) 




Appiicant*^ or agenfs file reference 
70017.WO/LI\/IL 


IMPORTANT NOTICE 


Interti^onal application No. 

PCT/GB00/Din2 


Irrtemationaf filing date (day/mo nth/year) 
31 March 2000 (31,03.00) 


Priarity dale (day/mottth/year) 

01 April 1999 (01.04.99) 


Applicafrt 

ALSTOM UK LTD. et al 



1 . Notice is hereby given that the Internationaf Bureau has communicated, as provided fn Article 20, the international appUoation 
to the foilowins designated Offices on the dat© indicated above as the date of maiJing of this Notice: 

AUXR.US 




PCT/GBOO/01 



(n accordance with Rule 47.1 (c)p third sentence, those Offtces will accept tho present Notice as conoiusive evidence that 
the communication of the international application has duly taken piece on the date of maiiing indicated above &nd no copy 
of the internationai application is roqyired to be furnishod by the applicant to the doslgneted Office(s). 

2. The foUowing deslsneted Offices have waived the requiremont for such a communication at this time; 
CA,EP,JP,MX,NO,RU,2A 



The communication will be made to those Offices only upon thefr request. Purthermore, those Offices do not require the 
applicant to furnish a copy Of the international appJicatlon (Rule 49-1 (a -bis)}. 

3. Enclosed with this Notice is a copy of th« international application as published by the International Bureau on 
^2 October 2000 (12.10-00) Under No. WO 00/60721 

Reminder regarding chapter II (Article 31(2}(a} and Rule 54.2) 

rf the ap0licant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for interttatianal praliminary examination must be filed with the competent Internattonal Preliminary 
Examining Authority before the epcpiration of 19 months from the priority daite. 

ft is the applicant's sole responsibility to monitor the 19-month time h'mit 

Mote that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter 11 has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39{1)) 

If the applicant wishes to proceed with tho international application in the national phase, he must, within 20 months 
or 30 months, or later m some Offices, perform the acts referred to therein before each designated or elected Office. 



For further important information on the time limrte and acts to be performed for entenn^ the national pha 
Annex to Form PCT/IB/301 {Notification of Receipt of Record Copy) and Volume li of the PCT AppUcent's Gu 



^ ^.._se, see the 

Applicent's Guide- 
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PRIORITY CLAIM 



(PCT Rules 4,10, 266^.1, 266w.2(a) and (b)) 



Date of mailing 

(dc:y/momh/year) 18 May 2000 (18.05.00) 



To: 



DARGAVEL, Laurence, Peter 

Alstom UK Ltd- 

Mill Road 

P.O. Box 70 

Rugby 

Warwickshire CV21 1TB 
ROYAUME-UNI 



AppUcaaCs or agent's file reference 

70017.WO/LML 



REPLY DUE 



See item 1 



International application No. 

PCT/GBOO/01112 

Applicant 



International filing date 

(day/month/year) 31 March 2000 (3 L03 -00) 



ALSTOM UIC LTD. 



The applicant is hereby invited, withiti the time iirait indicated below, to cottecI, by a notice submitted to the Internationa) Bureau, 
defects in the priority ciaiin(s), as indicated in the Annex: — ■ ... ... _ , 



1 , Tim© limit to respond to this invitation (Rule 266/y.l(a)): ^ ( & q0 
— within 16 months from the (earliest) priorily date; or / 
~ if the (earliest) priority date is changed as a result of the correction or addition of the (earliest) priority claim, \vithin 16 months 

^om that (cariiest) priority date so changed, 
whichever expinrss first, provided that such a notice may, in any event, be submitted until the expiration of four months from the 
international filing date. 

Failure to respond to this invitation within the prescribed time limit may result in the priority claim concerned to be considered, 
for the purposes of the procedure under the PCT, not to have been made (Rule 266ij.2(b)). 

2. In the case where multiple priorities have been claimed, this invitation relates to the following priority claim(s): 



6^ (k^^ tjc^{\^ 
"to 



3. A copy of this invitation is being serrf to the receiving Office, 




CM 



, f 



IAS C<3 V<S^h 



The International Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 



Facsimile No. (41.22)740.14.33 



Authorized oITicer 

Lazar J^^Si^l^anakai 
Telephone No. (41-22) 338.83 .38 
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Internjitional appticaiion No, 

PCT/GBOO/011I2 



The (ntemational Bureau has found the following defects in the priority claini(s): 
1. Failure to Comply with ttie Requirements of ]E(ulc 4.10 
a, n National applicatioa 

I I Missmg indication of the filing date of the earlief application. 

Q FUing date indicated for the earlier application does not fall within the period of 1 2 months preceding the 

mtcmational filing date. 
I I Missing indication of the number of the earlier application.* 

Q Missing indication of the country party to the Paris Convention for the Protection of Industrial Property, or of the 
Member of the World Trade Organization that is not party to that Convention, in which the earlier national 
application was filedL 

n The country indicated is neither a party to the Paris Convention for the Protection of Industrial Property nor a 
Member of the World Trade Organization. 



CU Regional application 

I 1 Missing indication of the filing date of the earlier application. 

□ Filing date indicated for the earlier application does not fall within the period of 12 months preceding the 
international filing date. 

I I Missing indication of the number of the earlier application.* 

□ Missing indication of the authority entrusted with the granting of regional patents under the applicable regional 
patent treaty- 

□ The authority indicated as the authority entrusted with the granting of regional patents does not ^ant regional 
patents. 

O The priority claim in illation to the ARIPO application does not indicate either at le^ one country party to the 
Paris Convention for the Proteaion of Industrial Property, or at least one Member of the World Trade 
Organization, for which the earlier application was filed, 
c. International application 

□ Missing indication of the filing date of the earlier application. 

LU Filing date indicated for the earlier application docs not fall within the period of 12 months preceding the 
international filing date. 

□ Missing indication of the number of the earlier application.* 

CU Missing indication of the receiving Office with which it was filed. 



2. Inconsistency with the Corresponding Indications in the Priority Document*' 



a. □ Inconsistency with regard to the filing date of the earlier application: 

The request indicates: 

The priority document indicates: 

b. 13 Inconsistency with regard to the number of the earlier application: 

The request indicates; 99075077 

The priority document indicates: 99075277 Cp'E> 9 90 75^2 "7 ^ "7 

c. □ Inconsistency with regard to the country party to the Paris Convention for the Protection of Industrial Property or the 

Member of the World Trade Organization in which the national application was filed: 

The request indicates: 

The priority document indicates: 



□ Inconsistency with regard to the authority entrusted with the granting of regional patents under the applicable regional 
patent treaty: 
The request indicates: 
The priority dociunent indicates: 

c. O Inconsistency with regard to the receiving Office with which the international application was filed; 
The request indicates: 
The priority document indicates: 



* Even if this detect »s not corrected in response to this invitation, the priority claim concerned will not be considered not to have 
been made (Rule 26bis.2ib)). 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL BUREAU 



PCT 

INFORMATION CONCERNING ELECTED 
OFFICES NOTIFIED OF THEIR ELECTION 

(PCT Rule 61 .3) 


To: 

u/ArSL3A\vci-, Laurence^ n©t0r 
Alstom UK Ltd. 
mm Road 

r,\J, dOX /U 

Rugby 

Warwickshire C\/21 1TB 
ROYAUME-UNl 


Date of maifing (day/month/year) 

23 November 2000 (23.11.00) 


Applicant's or agenfs file reference 
70017.WQ/LML- 


IMPORTANT INFORMATION 


Interriatfonal appliciatiori No- 
PCT/GBG0/0m2 


Intematronal HVmB date {day/mo nth/year) 
31 March 2000 (31.03.00) 


Priority clato (day/month/ycar) 

01 April 1999 (01.04.99) 


AppliDant 

ALSTOM UK LTD. et af 



1. The applicant is hereby informed that the International Bureau has, according to Artide 31 (7), notified each of the following 
Offices of Its election: 

BP :AT,BE,CH,CY,DE,DK,ES.F!,FR,GB,GRJE,IT,LU,MaNL,PT,SE 
National :AU,CA,JP,KR,NO,RU,US 

2. The following Offices have waived the requirement for the notJfioation of their election; the notification will be sent to them 
by the International Bureau only upoh their request: 

National :MX^A 

3. The applicant rs reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
tr before each ot the Offices Jlsted above. This must be done by paying the national fee(3) and furnishing , if prescribed, a 

translation of the international application (Article 39{1 )(a)), as well as. where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Artide 36{3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the 
applicable t»me limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant'^ Guido. 

The entry into the European regional phase is postponed until 31 months from the priority dato for all States designated for 
the purposes of obtamrng a European patent. 



The Intemationaf Bureau of WlPO 
34, chemin des Colombottos 
1211 Geneva 20, SwFtzeHand 


Authorized officer: 

Juan Cruz 




i acsrmile No. (41-22) 740.14.35 


Telephone No. (4V22) 33S.83.3S 


Fc ttn PCT/I&/332 (September 1997J 
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@ PATENT COOPERATIOI^=tEATY 



From the: 

[NTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

DARGAVEL, Laurence P. 
ALSTOM UK LIMITED 
PO BOX yO.Mill Road 
Rugby Warwickshire CV21 1TB 
GRANDE BRETAGNE 



PCT 

WRITTEN OPINION 

(PCT Rule 66) 

27-3-Of 



Date of mailing 
(dayAnonth/y^^r) 



27.12,2000 



Applicant's or agent's file referencQ 
P.^Q017.VVOP/LiViL 



REPLY DUE 



within 3 month(s) 



International application No. 
PCT/GBOO/01112 



International filing date (day/month/yo^r) 
31/03/2000 



Priority date (day/month/yQar) 
01/04/1999 



international Patent Classification (IPC) Of both national clatsslfi cation and IPC 
H02K3/40 



Applicant 

ALSTOM UK LTD. 



1 . This written opinion is the first drawn up by this international Preliminary Examining Authority. 
2* This opinion contains indications relating to the following items: 



I 



Basis of the opinion 



oitatfons and explanations supporting such statement 



Certain observations on the international application 
The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, 
request this Auttiority to grant an extension, sea Rule 66.2(rf). 

How? By submitting a written reply, accompanied ^ whsra appropriate, by amendments* according to Rule 66.3. 

For the fomi and the language of the amendmentB, see Rules 66,8 and 66.9. 

Also: For an additional opportunity to submit amendments, see Rule 66.4. 

For the examlner*s obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an Infonnal communication with tine examiner, see Rule 66,6. 



11 


□ 


fM 


□ 


IV 


□ 


V 


El 


VI 


□ 


vn 




Vltl 





If no reply le filed, the intematfonal preliminary examination report will be established on the basis of this opinion. 



The final date by which the intematjonal preliminary 

examination report must be established according to Rule 69.2 is: 01/08/2001 . 



•^ame and matting address of the international 
}retiminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. -h49 89 2399 - 0 Tx; 523656 epmu d 

Fax.' +49 89 2399 - 4465 



Authorized officer / Examiner 

van der Haegen, D 



Formelities officer (inci, extension of time limits) 

Oarvey, R 

Telephone No. .^49 89 2399 2271 




Ft rm PCT/lPeA/40B (cover sheet) (January 1994) 
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f. Basis of the opinion 

1. This opinion has been drawn on the basis of (substitute sheets which have been f urn f shed to the recsMng Office 
in response to an invitation under Article 14 are referred to in this opinion as "originaiiy filed".): 

Description, pages; 

1-16 as originally filed 

Claims, No,: 

1 -27 as originally filed 

Drawings, sheets: 

1/4-4/4 as received on 16/06/2000 with letter of 25/05/2000 

i \, With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: english » which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23,1 (b)), 
B the language of publication of the international application (under Rule 43-3(b)). 

□ the language of a translation furnished for the purposes of International preliminary examination (under Rule 
55.2 and/or 55,3). 

c . With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form, 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the internatronal application as filed has been fumished, 

□ The statement that the information recorded in computer readable form is identical to th© written sequence 
listmg has been furnished- 

4 The amendments have resulted in the cancellation of: 

P the description, pages: 

□ the claims, Nos.; 
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□ 



the drawings. 



sheets: 



5. D This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Ruie 70-2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



5. Additional observations, if necessary: 



7. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or Industrialapplicability; 
citations and explanations supporting such statement 



industrial appHoability (lA) Claims 



i . Citations and explanations 
see separate she^t 



MI. Certain d^fe^cts In the international appflcatlon 

1 he following defects in the form or contents of the international application have been noted: 
s ee separate sheet 



^ \ III. Certain observations on the Internationa} application 

1 he following observations on the clarity of the claims, description, and drawings or on the question whether the 
c alms are fully supported by the description, are made: 
s separate sheet 



Statement 
Novelty (N) 

Inventive step (IS) 



Claims 1-14.20-22 



Claims 



Form P :;T/JPEA/408 (Boxes l-V(|l. Sheet 2) (July 1998) 



09/28/01 FRI 08:18 [TX/RX NO 6492] [g!042 



WRITTEN OPINION Internationa] application No. PCT/GBOO/01 1 1 2 

SEPARATE SHEET 



Re Item V 

Reasoned statement under Rule 66.2(a)(il) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . The following documents were cited in the International Search Report, the 
numbering will be adhered to in the rest of the procedure : 



D1 : EP-A-0 266 602 (ASEA AB) 1 1 May 1 988 
D2: EP-A-0 951 132 (ABB RESEARCH LTD) 20 October 1999 
D3: US-A 5 710 475 (BAUMGARTNER CHARLES EDWARD ET AL) 20 
January 1998 

D4: EP-A-0 760 282 (KANEGAFUCHI CHEMICAL IND) 5 March 1997 
D5: DE 195 47 229 A {ASEA BROWN BOVERI) 1 9 June 1 997 
D6: US-A-4 008 409 (RHUDY RALPH G ET AL) 15 February 1 977 
D7: GB-A-1 526 081 (WESTINGHOUSE ELECTRIC CORP.) 27 September 
1978 



Document D7 was not cited in the international search report. A copy of the 
document is appended hereto. 

It appears that the priority of the present application is validly claimed. Document 
D2, cited as a P~document in the search report, does not therefore belong to the 
state of the art according to Rule 64.1 POT. Consequently, document D2 will not 
be referred to in the rest of the procedure. 

2. The present application does not meet the requirements of Article 33(3) PCT> 
because the subject-matter of claim 1 does not involve an inventive step, the 
reason being as follows : 

Document D1 , which is considered to represent the most relevant state of the art, 
discloses (of. Figure 2) : 

a composite conductor suitable for use as a winding of a high voltage 
electrical machine (of. column 2, lines 52-54) 

a plurality of strands (18) of conductor material forming a conductor bundle 
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(17) which in cross-section is of generally rectangular shape 
the strands (18) being insulated (19) from each other within the bundle (17) 
an insulation sleeve (14) of substantiaify homogeneous polymeric material 
(cf. column 3, lines 30-34) 

the insulation sleeve (14) having a generally rectangular shape in cross- 
section 

the polymeric material being filled with at least one electrically insulating filler 
nriaterial which conducts heat more efficiently that the polymer alone (cf . 
column 2, lines 1-6) 

The subject-matter of claim 1 differs from this disclosure in that conductive 
material forming a corona shield coating at the inner and outer surfaces of the 
insulation sleeve is provided. 

The problem to be solved by the present invention may therefore be regarded as 
to prevent electrical degradation of the insulation sleeve due to corona discharges 
across voids between the conductor material and the insulation sleeve and across 
voids between the insulation sleeve and the stator slot walls. 

However, a solution to this problem has already been proposed in a similar 
composite conductor, see document D6, column 4, lines 23-28. it would be 
obvious to the person skilled in the art, namely when the same result is to be 
achieved, to apply these features with corresponding effect to a composite 
conductor according to document D1 , thereby arriving at a composite conductor 
according to claim 1 . The subject-matter of claim 1 does therefore not involve an 
inventive step (Article 33(3) PCT), 

3. Dependent claims 2-14, 20-22 do not contain any features which, in combination 
with the features of any claim to which they refer, meet the requirements of the 
PCT in respect of novelty and/or inventive step, the reasons being as follows: 

(i) Rounding the corners of rectangular shaped conductor bundles and 

insulation sleeves is a measure well-known to those skilled in the art in order 
to prevent corona discharge at these corners (cf. document D7, page 1, lines 
10-22). The solutions provided by subject-matter of claims 2-6 therefore 
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come within the scope of the customary practice followed by persons skilled 
in the art. Consequently, the subject-matter of claims 2-6 lacks an inventive 
step (Article 33(3) PCT). 

(ii) Twisting a conductor bundle around the longitudinal centerline of the bundle 
in order to reduce losses from eddy currents is a normal design procedure. 
The subject-matter of claim 7 does not involve an inventive step and does 
not satisfy the criterion set forth in Article 33(3) PCT. 

(iii) The features introduced by the subject-matter of claim 8 are known from 
document D1 (cf. column 2, lines 1-6). 

(iv) A high-temperature resistant polymeric sleeve material comprising a fluoro 
polymer or an aromatic polymer is known from document D3 (cf. column 2, 
lines 30-37). The skilled person would therefore regard it as a normal design 
option to include this feature in the composite conductor described in 
document D1 in order to solve the problem underlying claims 9 and 10. The 
subject-matter of claims 9 and 10 does not therefore involve an Inventive 
step (Article 33(3) PCT), 

(v) The subject-matter of claims 11-13 Is known from document D6 (cf. column 
4, line 60 - column 5, line 33), The skilled person would therefore regard it 
as a normal design option to include these features In the composite 
conductor described in document D1 in order to solve the problems 
underlying claims 11-13. The subject-matter of claims 11-13 does not 
therefore involve an inventive step (Article 33(3) PCT). 

(vi) The features introduced by the subject-matter of claim 14 are known from 
document Di, 

(vii) The subject-matter of claims 20-21 is known from document D1 (cf, column 
1, lines 5-14). 

(viii) Retaining means for retaining the windings in slots are well-known to those 
skilled in the art (cf. Document D5, figure 1 , reference sign 6). The skilled 
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person would therefore regard it as a normal design option to include this 
feature in the composite conductor described in document D1 in order to 
solve the problem underlying claim 22, The subject-matter of claim 22 does 
not therefore involve an inventive step (Article 33(3) PCT). 

4. If the applicant considers some particular matter to be new and inventive in view 
of the disclosures made in documents D1-D7, he is invited to file a new set of 
claims in order to overcome the above objections. The applicant should also 
indicate in his letter of reply the difference of the subject-matter of the new claims 
vis-a-vis the cited prior art documents and the significance thereof. When filing 
such a new set of claims, the applicant should at the same time remedy the 
defects listed under Sections VII and VIIL 

Re Itein VII 

Certain defects in the international application 

1 . Independent claims 1 and 16 are not in the two-part form in accordance with Rule 
6.3(b) PCT, with those features known in combination from the prior art 
(document D1) being placed in the preamble (Rule 6.3(b)(j) PCT) and with the 
remaining features being included In the characterising part (Rule 6.3(b)(ii) PCT). 
If, however, the applicant Is of the opinion that the two-part form would be 
inappropriate, then reasons therefor should be provided in the letter of reply. In 
addition, the applicant should ensure that it is clear from the description which 
features of the subject-matter of claims 1 and 1 6 are already known in 
connbfnation from the document D1 (see the PCT Guidelines, II 1-2. 3a). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). The applicant is invited to remove this defect* 

3. Claims 12-27 are wrongly numbered as claims 1 1 -26. The applicant is requested 
to rectify this error. 

4. Claims 24-27 contain references to the drawings. According to Rule 6.2(a) PCT, 
claims should not contain such references. 
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With his letter of 6 septennber 2000 the applicant requested the rectification of the 
objections listed under paragraphs 3 and 4, It appears that this rectification was 
refused under Rule 91 .1 (g)(i) PCT by the Receiving Section. However, it occurs to 
the examiner that the requested corrections are necessary for the application in 
order to be compliant with the requirements of the PCT. It is therefore suggested 
that the applicant files a set of amended claims, taking account of these errors. 

5. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in documents D1 , D3, D6 and D7 is not mentioned in the description, 
nor are these documents identified therein. The applicant is requested to identify 
these documents in the description and to briefly discuss the relevant background 
art disclosed therein. 



According to the requirements of Rule 11 -13(1) reference signs not appearing in 
the description shall not appear in the drawings, and vice versa. This requirement 
is not met in view of the reference signs 16 (wedge) and H (height of insulating 
sleeve) which appear in the description but not in the figures. 



Re item VIII 

Certain observations on the international application 



1. The subject-matter of claim 8 does not meet the requirements of Article 6 PCT, 
The syntax used in this claim leads to ambiguity i.e* an insulating filler material 
cannot be a metallic oxide and a metallic nitride at one and the same time. It is 
therefore suggested to remove this defect; an amendment overcoming this 
objection could read : insulating filler material comprising a metallic oxide 
and/or a metallic nitride.'' 



Amendments 

Certain observations on filing amendments 



1 . The applicant is requested to file the amendments by way of replacement pages 
in the manner stipulated by Rule 66,a(a) PCT, In particular, fair copies of the 
amendments should be filed preferably in triplicate. 

Moreover, the applicant's attention is drawn to the fact that, as a consequence of 
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Rule 66.S(a) PCT the examiner is not pernnitted to carry out any amendments 
under the PCT procedure, however minor these may be. 

2. In order to facilitate the examination of the conformity of the amended application 
with the requirements of Article 34(2)(b) PCT, the applicant is requested to clearly 
identify the amendments carried out, no matter whether they concern 
amendments by addition, replacement or deletion, and to indicate the passages of 
tne application as filed on which these amendments are based (see also Rule 
66.8(a) PCT). 

If the applicant regards it as appropriate these indications could be submitted in 
handwritten form on a copy of the relevant parts of the application as filed. 
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INTE21NAT20NAL SEARCH REPOaX 



Inlernational appllcaUon No. 
PCT/SE 97/00903 



A. CLASSIFICATION OF SUBJECT MATI L'R 



IPC6: H02K 3/40, H02K 15/08. HOIB 9/02 

According lo Inter national Paieni Classification (IPC) of lo both nationail clMiification >nd IPC 



B. riELDS SEARCHED 



Minimum documcnlMion lORrchcd (clMsificMion system followed by classificaiion symbols) 

IPC6: HOIB, H02K 



Documcntmion jexrch^tl other than minimum documcnixtion to the extent thM juch documents nrc included in the Ackis searched 

SE,DK,FI,NO classes as above 



FJcctrunic data base consulted during the international search (name of data base and. where practicable, search terms used) 



WPI. CLAIMS 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, wilt* indication, where appropriate, of the relevant passages 



Relevant to claim No, 



US 4109098 A (MATS GUNNAR OLSSON ET ALO. 
22 August 1978 (22.08.78), column 2, 
line 50 - column 4, line 29, figure 1, 
abstract 



US 4317001 A (DAVID A, SILVER ET ALJ, 

23 February 1982 (23.02.82), column 2» 
line 28 - column 3, line 36, figure 1, 
abstract 



US 3891880 A (HELMUT BRITSCH), 24 June 1975 

(24.06.75), column 4. line 28 - line 57, figure 2, 
abstract 



1-4,7-15 



15-20 



16-18 



19-20 



I y| J'urihcr documents arc listed in ttic continuation of Box C, | )(| See patent famity annex. 



* Special cutejonei of cited documents: 

"A" document deOnint the general state of the art which H not considered 

to he of pjuticutar relevance 
"E* criicf document but published on or after the inlemaiKMial filini date 
"L" document H'hich may throw douhit on priority claim(5> or which is 

cited to establish the publication date of another citation or other 

spcciJil rcawn (as specified) 
"O" document refetrin I to an oral disclosure, use, exhibition or other 

meant 

•P" document published prior to the international niing date but later than 
the priority date claimed 



T* later document published after the international filint date or priority 
date and not in conflict tvith the application but otcd to understand 
the pnnciple or theory underl>iA( the invention 

*X" document of particular relevance: the claimed inventtoo cannot he 
eomidered novel or cannot be conndcrcd to invulve an mventjve 
step when the documeni is taken alone 

*Y* document or particular relevance: the claimed invention cannot be 
eonndcrcd to involve an inventive step when the document is 
combined with one or more other such documenw, such eombtnabon 
bdnt obvious to a person skilled in the art 

document member of the name patent family 



Dale of the actual completion of the international search 



.?.„5f>pt 1997 



Date of mailing of the international search report 



0 4 -09- 1997 



Name and tnailtng address of the ISA/ 

Swetiish Patent Office 

Box 5055, S-102 42 STOCKHOLM 



Authorized oflTiccr 

Karin Safsten 



INTERNATIONAL SEARCH REPORT 



Inti-Tnalional application No. 

PCT/SE 97/00903 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



aialiori ordoeuniwit, with indication, wlicre appropriate, of the rclcvnrit pasjogcs 



EP 0049104 Al (BICC LIMITED). 7 April 1982 
(07.04.82). abstract 



Relevant to claim No. 



1-21 



INTERNATIONAL SEARCH REPORT 
InforTTiatton on patent family members 

^ 06/08/97 


International npplicatton No. 

PCT/SE 97/00903 


pRicni document 
citoti in saxrch report 


Publication 
dnte 


Puieni family 
nricmbcf(j) 


Publication 



us 4109098 A 



22/08/78 



AR 211382 

AU 7707175 
BE 825068 

BR 7500229 

CA 1038052 
CH 587545 

OE 2501811 

FR 2260173 A.B 

GB 1493163 A 

JP 50109479 

NL 750U68 
SE 384420 B.C 

SE 7401244 A 



A 
A 
A 
A 
A 
A 
A 



A 
A 



15/12/77 
08/07/76 
15/05/75 
04/11/75 
05/09/78 
13/05/77 
14/08/75 
29/08/75 
23/11/77 
28/08/75 
04/08/75 
03/05/76 
01/08/75 



US 4317001 A 



23/02/82 



AR 222689 A 

BR 8001105 A 

DE 3001647 A 

FR 2449953 A,B 

GB 2043078 A.B 

JP 55149348 A 

SE 445789 B,C 

SE 8001418 A 

US 4384944 A 



15/06/81 
29/10/80 
04/09/80 
19/09/80 
01/10/80 
20/11/80 
14/07/86 
24/08/80 
24/05/83 



US 3891880 A 


24/06/75 


AT 


328548 B 


25/03/76 






BR 


7304445 D 


00/00/00 
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IMPROVEMENTS IN ELECTRICAL MACHINES 

This invention relates to electrical machines and in particular to insulated electrical 
conductors suitable for use as excitation windings on the stators of high voltage 
5 electrical machines, for example, machines operating at voltages greater than 3KV. 

Known types of excitation winding for the stators of such machines generally comprise 
solid rectangular copper conductors which are electrically insulated from each other 
and from an earthed laminated steel core on which they are wound. Materials used to 
1 0 insulate the conductors are chosen so as to have properties - such as thickness, thermal 
conductivity, dielectric strength, and permittivity - which are appropriate to the size of 
the machine, applied voltage and temperature rise. 

The power output of a rotating electrical machine (whether a motor or a generator) is 
15 a function of the properties of the laminated magnetic steel core, the excitation 
windings and their operating temperature. An "'output coefficient or ''specific torque 
coefficient'' of such machines is often quoted as a useful means of comparing the 
power outputs of machines of differing design. Its units are torque per unit volume and 
it may be derived by dividing the machine's power output by the volume of the stator 
20 within the air-gap periphery. 

Having been the subject of industrial manufacture for over 100 years, rotating 
electrical machines are considered a mature product using mature technologies. Over 
the century of production the materials and processes used in the construction have 
25 evolved slowly resulting in a steady increase in output coefficient (about 3.0% per 
annum) for the most popular machines. Recently, their evolutionary progress has 
slowed down and has now reached a plateau, suggesting that fiirther development is 
either unlikely or will be very slow. 
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It is necessary to externally insulate the stator windings of such machines from each 
other and the stator core. It is also necessary to internally insulate the windings by 
insulating the conductors from each other within the winding. The insulation materials 
presently used to perform the insulation function have only limited ability to withstand 
5 high temperatures, with modest electric strength properties and generally poor thermal 
conductivity. Furthermore, during operation of the machines, heat is generated due to 
electrical losses in the winding conductors, but the poor thermal conductivity of the 
insulation materials results in poor transfer of the heat, and this in turn inhibits the 
output coefficients of the machines on which the insulation materials are used. 

10 

Since there are only small differences between the stator winding insulation systems 
used currently by leading manufacturers of machines, the thermal and dielectric 
performance of such systems is similar. Typically, all use combinations of mica, 
polyester film and woven glass materials impregnated with synthetic resins. The mica is 
1 5 used in the form of a so-called "paper'' which is supported by either polyester film or 
woven glass and is wrapped around the conductors to insulate them from external 
contact. To complete the insulation process, they are vacuum pressure impregnated 
with the synthetic resin (for example, an epoxide resin) as the last process after 
positioning the windings into the stator. 

20 

It is an object of the present invention to improve the output coefficients of electrical 
machines and hence reduce their capital cost per KW output of electrical energy by 
increasing the heat transfer capability of their stator conductor windings. This is 
achieved in the invention by means of a novel type of composite conductor. 

25 

According to the present invention, a composite conductor for use as a winding of a 
high voltage electrical machine comprises: 

a plurality of strands of conductor material forming a conductor bundle which 
in cross-section is of generally rectangular shape, the strands being insulated from each 
30 other within the bundle. 
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an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle; the insulating sleeve also having a generally 
rectangular shape in cross-section and the polymeric material being filled with at least 
one electrically insulating filler material which conducts heat more efficiently than the 
5 polymer alone, and 

conductive material forming a corona shield coating at the inner and outer 
surfaces of the insulating sleeve. 

The conductor bundle is impregnated with a curable high-temperature resistant 
1 0 insulating material, such as a synthetic resin or polymer material, whereby the cured 
composite conductor is rendered sufficiently strong and rigid to enable its use in the 
windings of electrical machines. 

It should be noted that the term "rectangular" as used herein includes shapes which are 
15 square (having four sides all of substantially equal dimensions) and rectangles and 
squares having rounded comers. 

A composite conductor in accordance with the invention, by virtue of its construction 
and the materials it uses, provides a high efl&ciency winding for the stator of an 

20 electrical machine. Due to its filler material(s), the insulating sleeve not only has 
superior dielectric strength properties which permits operating at reduced sleeve wall 
thickness and/or increased electric stress, but also has much higher thermal 
conductivity and thermal capability (temperature resistance) than known windings. The 
higher thermal conductivity permits a considerable increase in the heat transfer 

25 capability fi-om the composite conductor into the stator core, which may be cooled by 
heat exchange with ducted airstreams. Furthermore, insulation of the conductor 
strands fi-om each other substantially reduces high frequency eddy current losses in the 
stator winding, and the conductive surface coating on the insulation sleeve contributes 
to enabling safe operation at higher electric stresses at the surface of the sleeve. The 
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net result of the above is that the output coefficient is substantially increased and hence 
the capital cost of the delivered power is substantially decreased. 

Preferably, the comers of the conductor bundle's rectangular shape are radiused to 
5 minimise electrical stress concentrations. The radius dimension may be up to 5 mm., 
preferably between 2-3 mm., but it is preferred that the comers of the insulating sleeve 
are substantially rectilinear, having a radius of not more than about I mm. 

Preferably, the strands of conductor material are coUectively twisted around the 
1 0 longitudinal centreline of the conductor bundle in a similar manner to which the strands 
in a rope are twisted about the longitudinal centreline of the rope. This angular/spatial 
transposition of the strands of conductor material longitudinally of the bundle due to 
its twist inherently cancels eddy currents as they arise^ substantially reducing or 
eliminating the associated losses. 

15 

The at least one insulating filler material in the polymer insulating sleeve is preferably a 
metallic oxide and/or a metallic nitride. 

The polymeric sleeve material preferably comprises a high temperature polymer, e.g. a 
20 polymer selected from the groups comprising fluoropolymers or aromatic polymers, 
and the conductive coating material for reducing electric stress variations at the 
surfaces of the composite conductor may comprise a graphitic or silicon-based 
material, preferably a high-temperature resistant polymer or paint material which has 
sufficient of the conductive material incorporated therein to render it conductive. 

25 

Preferably the strands of conductor material comprise copper, but other materials may 
be useable, such as aluminium or silver. Whatever the material from which the 
conductor strands are made, it is preferred they are insulated from each other by means 
of a coating of high-temperature resistant synthetic resin or polymer material on each 
30 strand. This may be achieved either by impregnation of the conductor bundle with a 
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resin or precursor polymer material in its uncured state, or perhaps more conveniently 
and reliably by using conductor strands that have been previously manufactured with 
an insulating coating before being incorporated into the conductor bundle. Both these 
conductor coating techniques are well known in the art. 

The invention further envisages a process for making the above composite conductor, 
comprising the steps of: 

gathering together a plurality of strands of conductor material to form a 
conductor bundle, 

impregnating the conductor bundle with a curable high-temperature resistant 
insulating material, the impregnation occurring one of simultaneously with the 
gathering process and subsequent thereto, 

applying a coating of conductive material to the exterior of the twisted 
conductor bundle to form a &st, inner, corona shield, 

extruding an insulating sleeve of homogeneous polymeric material onto the 
coating of conductive material on the conductor bundle, the polymeric material having 
been previously filled with at least one insulatmg filler material which conducts heat 
more efficiently than the polymer alone, and 

applying a coating of conductive material to the outer surface of the insulating 
sleeve to form a second, outer, corona shield; 

wherein each strand of conductor material is provided with an insulating coating by at 
least one of coating the strands before the formation of the conductor bundle, and 
coating the strands during the impregnation step. 

We prefer that the conductor bundle is formed into a generally rectangular shape 
during or subsequent to the gathering process. We further prefer that subsequent to the 
formation of the conductor bundle, the bundled strands are twisted bodily about a 
longitudinal centreline of the bundle to form a twisted conductor bundle. 





wo 00/60721 



PCT/GBOO/01112 



-6 - 



Whereas it is known to impregnate the insulating wrappings of bar conductor windings 
with synthetic resin after they have been assembled onto the stator, then partially or 
wholly to cure the resin, it is envisaged that in the present invention, impregnation 
occurs before the composite conductor is wound onto the stator, the composite 
5 conductor then being wound onto the stator while the resin or precursor polymer 
material is uncured or only partly cured. This faciUtates the impregnation process while 
allowing easy manipulation of the composite conductor during the stator winding 
process before the resin is fully cured. 

10 The invention also includes a stator for a rotary electrical machine comprising a 
laminated steel core provided with a plurality of radially oriented slots extending 
longitudinally of the stator, each slot housing a winding comprising either a plurality of 
turns of a single length of the above composite conductor, or a plurality of turns 
comprising a plurality of lengths of the above composite conductor, successive turns of 

1 5 the composite conductor being in contact and in radial registration with each other. 
The winding is retained in its slot, preferably by a high thermal conductivity, 
electrically insulating retaining means fixed in the radially outer end of the slot. 
Preferably, the retaining means is a filled polymer composition having relatively high 
thermal conductivity compared to the polymer in its unfilled state. 



The retaining means may comprise an extrusion which is forced into the end of the 
slot. 

It should be understood that the materials mentioned herein in connection with 
25 composite conductors according to the invention are best estimates of which materials 
will probably be suitable. 



20 



Exemplary embodiments of the invention will now be described with reference to the 
accompanying drawings, in which: 
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Figure 1 is a perspective view of part of the inside of a stator of a rotary 
electrical machine provided with a conventional winding; 

Figure 2 is a cross-section of a composite conductor according to the present 
invention; 

5 Figure 3 is a cross-section of an alternative composite conductor according to 

the present invention; 

Figure 4 is a radial section through part of a stator according to the invention, 
showing a stator slot containing a winding comprising six turns of the composite 
conductor shown in Figure 2; 
10 Figure 5 is a diagrammatic representation of a process for manufacturing a 

composite conductor according to the invention. 



Referring to Figure 1, there is shown the inner circumference of one end of a stator 10 
of an A.C, electrical machine. The stator is intended to encircle the rotor (not shown) 
1 5 of the electrical machine. As is conventional, the stator body is composed of a large 
number of steel laminations and is formed with a large number of radially oriented slots 
12 which extend longitudinally of the stator body. 

Each slot 12 houses an excitation winding 14, successive '"turns" 14A, 14B of which 
20 contact each other and are in radial registration within their slot. The windings are 
retained in their slots by wedges 16, made of a suitable polymer insulation material, 
such as filled epoxide resin. During manufacture of the stator, wedges 16 are forced 
into position within the mouths of the slots 12. 

25 The loops or '^ms" of the windings each comprise solid rectangular copper 
conductor bars 14 A, 14B which are pre-formed to the correct shape to enable their 
installation into the stator slots. The conductor bars are electrically insulated from each 
other and from the earthed steel core by wrappings of mica paper on polyester support 
film, the wrappings being pressure-impregnated with epoxide resin and cured later. 



30 
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To enable the construction of the stator winding 14 from pre-formed lengths of 
conductor bar, each turn of the winding consists of a piurahty of lengths of conductor 
bar whose ends 15 projecting from the stator core are bent at compound angles as 
shown, these ends being brazed or otherwise securely joined together in electrical 
5 contact (not shown) to complete the turn. The ends of radially adjacent conductor bars 
14 A, 14B are bent in opposing directions. 

As Figure 1 shows, where the ends of the conductor bars 14 A, 14B, etc., project from 
the ends of the slots 12, packing blocks 18, 20 are inserted between adjacent 

10 conductor bars^ packing blocks 18 being adjacent the end of the stator core and 
packing blocks 20 being spaced away from the stator core. Various of the packing 
blocks 18, 20 and the bent portions of some of the conductor bars 14A and 14B have 
been removed at the lower left of Figure 1 to show the construction more clearly. The 
packing blocks are moulded to shape, being made up from glass cloth bags containing 

15 glass mat laminate filler pieces impregnated with epoxide resin. Packing blocks 20 are 
bound to the adjacent conductor bars with glass fibre tape 22. 

After assembly of the stator winding and insertion of the packing blocks, assembly of 
the stator is completed by tying the bent portions 15 of the conductor bars 14 A, 14B, 

20 to support rings 24, 26 using glass fibre cord 28, The packing blocks and the support 
rings provide support to the ends of the conductor bars and prevent vibration during 
service. Finally, the stator assembly is heat-treated at an appropriate curing 
temperature for its resin-impregnated portions, this temperature being below that 
which would cause deterioration of the polyester fihn component of the conductor 

25 wrappings. 

Turning now to Figure 2, a composite conductor 30 is shown in cross-section and is 
intended to be used as a stator winding of a high voltage electrical machine, thereby 
substituting for the wrapped solid conductor bars 14 A, 14B of Figure 1. Unlike the 
30 solid conductor bars, however, the core of composite conductor 30 comprises a large 
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number of strands 3 1 of conductor material forming a conductor bundle 32. Preferably, 
the strands 3 1 of conductor material comprise copper, but other materials may be 
useable, such as aluminium (cheaper, but not such a good electrical conductor as 
copper) or silver (expensive, but a better electrical conductor). A typical dimension for 
5 an individual strand of conductor material is likely to be of the order of 0.1mm, so it 
will be appreciated that the number of strands 3 1 needed to form a conductor bundle 
32 is likely to be much larger than that diagrammatically indicated in Figure 2, and 
their cross-sections will consequently appear smaller relative to the total cross-section 
of the composite conductor 30. 



Conductor bundle 32, although of generally rectangular shape, has rounded comers 34 
to minimise electrical stress concentrations during operation of the electrical machine. 
The dimensions of the conductor bundle's comer radii R are in the range 0.5 to 5 mm.; 
2-3 mm. may be optimum. 



To reduce high frequency eddy current losses in the stator winding, the bundle of 
copper strands 32 is bodily twisted around the longitudinal centreline C of the 
composite conductor 30 in a similar manner to which the fibres in a rope are twisted 
about the longitudinal centreUne of the rope. It should be noted that the spatial 
20 transposition of the strands of conductor material longitudinally within the bundle due 
to its twist inherently cancels eddy currents as they arise. 

An insulating sleeve 36 of high temperature polymer material (e.g., a fluoropolymer or 
an aromatic polymer) surrounds the conductor bundle. In accordance with the 

25 invention, the polymer is homogeneously filled with an insulating material which 
conducts heat more eflBciently than the polymer alone. This is explained fiarther below. 
The insulating sleeve has a rectangular shape in cross-section, but unlike the shape 
adopted for the conductor bundle, it is preferred that the comers of the insulating 
sleeve are not substantially rounded, i.e. the long and short sides of the insulating 

30 sleeve meet substantially at right angles. However, there may be a small radius present. 



10 



15 



wo 00/60721 



PCT/GBOO/01112 



- 10 - 

say up to about 1mm., due to the manufacturing process and the need to apply a 
corona shield coating evenly to the surface of the insulation sleeve. The total width W 
and height H of the insulating sleeve 36 is substantially uniform in the lateral and 
lengthwise directions of the composite conductor. The sleeve's wall thickness Tl is 
5 similarly uniform, except of course in the regions adjacent the rounded comers 34 of 
the conductor bundle 32. 

Thickness Tl should ideally be as small as possible consistent with adequate electrical 
insulation properties, because a thin wall for the sleeve 36 enables more rapid 

1 0 conduction of heat away from the bundle of conductor strands 32 and also allows a 
larger conductor bundle to be included in the composite conductor for the same overall 
size of composite conductor. The latter point is illustrated by reference to Figure 3, 
which shows an alternative embodiment of the invention in which the thickness T2 of 
the sleeve is about twice that of thickness Tl in Figure 2. It will be noticed that the 

1 5 number of conductor strands 3 1 that can be included in the composite conductor is 
much less in Figure 3 than in Figure 2. 

Ordinary polymer sleeves for electric cables are extruded onto the conductor or 
conductor bundle by means of an extrusion head through the centre of which runs the 

20 conductor to which the sleeve is applied. This is a well known and understood process. 
A polymer sleeve having a wail thickness of about 0.1 nmi can be produced by known 
extrusion processes and it is preferred that the thickness of the polymer sleeve in the 
invention (excluding the comer regions) should be in the range 0.4 to 2.00mm. For 
example, a typical value for Tl could be about O.Smm, preferably 0.65mm, and a 

25 typical value for T2 could be about 1mm. 

In order to permit operation of the composite conductor 30 with as small a value of Tl 
as possible, the invention provides that the polymeric material from which the sleeve 
36 is made is homogeneously compounded with one or more powdered materials 
30 which conduct heat more efiBciently than the polymer alone. These materials may be 
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metallic oxide or metallic nitride fillers, such as aluminium oxide or aluminium nitride. 
As a result, the insulating sleeve 36 not only has superior dielectric strength properties 
which permits operating at reduced thickness, but also has much higher thermal 
conductivity and temperature resistance than known windings. The approximate 
volume ratio of polymer to filler material may be 10% to 75%. 

To obtain low eddy current losses and hence good electrical efficiency of the 
composite conductor 30 in its role as a current carrying stator winding in an electrical 
machine, the individual conductor strands 31 in the conductor bundle 32 are insulated 
from each other according to the invention. As discussed in more detail below, this can 
be achieved by impregnating the conductor bundle with a synthetic resin material, such 
as an epoxide resin, and/or using conductor strands that have been previously provided 
with an insulating coating. Such pre-coated wires are routinely used in the production 
of windings for small electrical machines, being wound straight onto a rotor or stator. 

Before or during the application of the insulating sleeve to the conductor bundle a thin 
coating of conductive material e.g., a graphitic or silicon-based material, such as a 
carbon-filled high-temperature resistant poljoner, is applied so as to form a corona 
protective shield on the inside surface of the of the extruded polymer, i.e., at the 
interface between the insulating sleeve and the conductor bundle. During or after the 
application of the insulating sleeve to the conductor bundle, a thin coating of the same 
or a similar conductive material is applied to the outside surface of the insulating sleeve 
so as to form a corona protective shield thereon. The external coating is indicated by 
the dotted line 38 surrounding the sleeve 36 in Figure 2 (the inner corona shield is not 
shown). The purpose of the conductive coating material is to equalise the electric 
stresses on the surface of the composite conductor during operation of the electrical 
machine and thereby avoid localised breakdown of the insulation afforded by the 
insulating sleeve 36. We have found that both inside and outside surfaces of the 
insulating sleeve should be provided with the conductive corona shield coating to 



0 
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provide good equalisation of the electric stresses at the surface of the composite 
conductor. 



A suitable thickness for the inner and outer corona shields is in the range about 0.1 to 

5 O.Smm, preferably at the lower end of this range. As already stated, a polymer film of 
this thickness is known to be extrudable and therefore the inner and outer corona 
shields may be applied by means of extrusion, as hereafter described. Alternatively, the 
inner corona shield may be applied by winding a thin tape of the conductive material 
onto the conductor bundle before the insulating sleeve is applied thereto and the outer 

1 0 corona shield may be applied by winding a thin tape onto the outside of the insulating 
sleeve after the insulating sleeve has been applied to the conductor bundle. As yet a 
further alternative, the corona shields may be applied in the manner of a coat of paint; 
for instance, before application of the insulating sleeve to the conductor bundle, the 
latter may pass through a bath of the corona shield material held as a suspension or 

1 5 solution in a suitable liquid and after the insulating sleeve has been applied it may 
similarly be passed through such a bath. However, in such a process it will be 
necessary to ensure that the inner corona shield has adequately dried or cured to form 
a flexible high temperature resistant coating before application of the insulating sleeve 
to the conductor bundle occurs. Similarly, the outer corona shield coating must have 

20 dried or cured to form a flexible high temperature resistant coating before further 
handUng of the composite conductor occurs, such as winding it into the slots of the 
electrical machine. 



To facilitate the impregnation process while allowing easy manipulation of the 
25 composite conductor during the process of producing the winding on the stator core, 
the composite conductor is impregnated before the composite conductor is wound 
onto the stator and fully cured only after it has been wound onto the stator. As 
explained later, impregnation may occur at the time when the individual strands of 
conductor material are gathered together and consolidated into the conductor bundle, 
30 before application of the insulating sleeve. We prefer then to partially cure the resin, so 
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that the composite conductor is still flexible enough to be wound directly onto the 
stator, with optional intervening storage on a drum for later use. The completed stator 
is heat-treated at a temperature below that at which deterioration of the filled polymer 
sleeve and the corona shield occurs, thereby fully curing the resin to make the finished 
5 stator winding rigid. 

Turning now to Figure 4, it is shown how the composite conductor 30 of Figure 2 may 
be used to form a complete stator winding. The stator 40 of a rotary electrical machine 
comprises a laminated steel core 42 provided with radially oriented slots extending 

1 0 longitudinally of the stator. In the broken-away sectional view, only one of the slots 44 
is shown. It houses a winding 46 comprising a plurality of turns or loops of the 
composite conductor 30. Each turn conveniently comprises a single length of the 
composite conductor, or alternatively, two or more shorter lengths of composite 
conductor may be spliced together to complete one turn. As can be seen, successive 

15 turns 30A, 30B, etc, of the composite conductor are in contact and in radial 
registration vAth each other. It should be noted that the rectangular shape of the 
composite conductor minimises air voids in the finished winding, enabling 
geometrically exact production of the winding without pre-forming of rigid bar 
conductors, as was necessary in the prior art. The winding is retained in its slot 44 by a 

20 high thermal conductivity, electrically insulating retaining wedge 48 fixed in the radially 
outer end of the slot. The wedge may be an extrusion comprising a filled polymer 
material, such as an epoxide resin, and may be driven into the slot fi*om the end face of 
the stator. 

25 In connection with the rectangular shape of the conductor bundle and the insulatmg 
sleeve, it should be particularly noted that besides the better packing characteristics of 
the composite conductors in the machine slots, the extra thickness T3-T1 (Figure 2) of 
the insulation at the comer of the conductor bundle effectively reduces the electric 
stress at the comer to approximately the same value as that on the flat sides of the 
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conductor bundle. Such reduction in peak electric stresses in the windings contributes 
to an ability of the machine to operate at higher loadings. 

During production of the stator, the inherent flexibility provided by the polymer 
5 insulation sleeve, the thin corona shield coatings, the thin conductor strands and the 
uncured or partially cured resin on the conductor strands, permits ease of positioning 
of the conductor in the slots in the stator core to form a winding. However, after heat- 
treatment to cure the resin (curing being at a temperature lower than the temperature 
at which the filled polymer insulation sleeve and the corona shield coatings begin to 
1 0 deteriorate), the rigidity provided by the fully cured resin on the conductor strands 3 1 
enables the finished stator winding to withstand the operational impressed forces. Note 
that where the composite conductor winding 30 is not within the slots 44, it may be 
supported by support rings and packing blocks as shown for the known arrangement in 
Figure 1. 



reference to Figure 5. At the left of Figure 5, many pre-insulated wire strands 31 of 
copper or other conductor material are drawn together from storage reels (not shown) 
and passed through a bundle forming head I to produce a conductor bundle 32. Within 

20 the head I are means, well known in the art of cable-making, whereby the strands 31 
are brought together, formed into a bundle and the bundle is bodily twisted around the 
centreline of the bundle. At the same tune as the strands 31 are being formed into a 
bundle, the bundle is impregnated with an epoxy resin or similar binding and 
strengthening agent resistant to high temperatures; alternatively, this impregnation 

25 process may be a pressure impregnation process, as known, the pressure impregnation 
being accomplished immediately after the conductor bundle has been formed and either 
within the head I or following it. The final process within head I (which may in practice 
be carried out in a separate head, not shown) is to finally form and consolidate the 
conductor bundle into the required rectangular shape of the present invention by 

30 passing it through a suitably shaped die. 



15 



A possible process for making the composite conductor will now be described with 
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The head I is heated so as to partially cure the resin as the conductor bundle passes 
therethrough, thereby producing a conductor bundle which has good cohesion, yet is 
still sufficiently flexible to be wound onto a large diameter storage drum S 1 for later 
5 use. Alternatively, the partly cured bundle passes straight on as indicated through the 
centre of an annular die in extruding head II, whereby a conductive filled polymer film 
is extruded onto the outside of the conductor bundle 32 to form a first, inner, corona 
shield. Thereafter, the coated conductor bundle passes through the centre of a fiarther 
annular die in extruding head III, whereby a filled polymer insulating sleeve is extruded 

1 0 onto the outside of the first corona shield. Effectively, this first corona shield thereby 
forms a conductive coating on the inner surface of the insulating sleeve. Finally, by a 
similar process to that described for head H, a second, outer, corona shield is applied 
to the insulating sleeve in extruding head IV, so completing the formation of a 
composite conductor 30. The composite conductor 30 can then be wound onto a large 

1 5 diameter storage drum S2 for later use. Alternatively, as indicated by the dashed arrow 
line, it can pass straight into a further manufacturing stage for producing windings for 
electrical machines. As mentioned previously, final curing of the conductor bundles is 
accomplished by heating, after the composite conductor has been fixed into the 
winding slots in an electrical machine, as shown in Figure 4. 

20 

It has been said above that the wire strands 3 1 are pre-insulated, meaning that during 
their manufacture they have been provided with a thin coating of suitable epoxy resin 
or high temperature resistant polymer, as known. However, as an alternative to the use 
of pre-insulated wire strands, it may be possible to rely on the resin impregnation 
25 process which occurs in head I to insulate the strands 31 from each other within the 
finished conductor bundle. This will be a matter for determination by routine 
experimentation. 

Although in Figure 5 the strands are shown being gathered together into a bundle in a 
30 one-stage process, in practice, due to the large number of strands required to make a 
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conductor bundle, this first part of the process may require a number of parallel stages 
in which a number of sub-bundles are produced in corresponding bundle-producing 
heads, each bundle having been impregnated with resin therein as described previously, 
the sub-bundles then being brought together to form the final twisted rectangular 
5 conductor bundle 32. 

It will be evident that the above process may be used to produce composite conductors 
having cross-sectional shapes other than rectangular, e.g. circular. 
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CLAIMS 

1. A composite conductor for use as a winding of a high voltage electrical 
machine, comprising: 

5 a plurality of strands of conductor material fonming a conductor bundle which 

in cross-section is of generally rectangular shape, the strands being insulated from each 
other within the bundle^ 

an insulating sleeve of substantially homogeneous polymeric material 
surrounding the conductor bundle; the insulating sleeve also having a generally 
1 0 rectangular shape in cross-section and the polymeric material being filled with at least 
one electrically insulating filler material which conducts heat more efficiently than the 
polymer alone, and 

conductive material forming a corona shield coating at the inner and outer 
surfaces of the insulating sleeve. 

15 

2. A composite conductor according to claim 1, the comers of the conductor 
bundle's rectangular shape being radiused to minimise electrical stress concentrations, 

3 , A composite conductor according to claim 2, the radius dhnensions of the 
20 comers of the conductor bundle being up to about 5 mm. 

4, A composite conductor according to claim 3, the radius dimensions being 
between 2-3 mm. 

25 5. A composite conductor according to any preceding claim, the comers of the 
insulating sleeve being substantially rectilinear. 



6. A composite conductor according to claim 5, the comers of the insulating 
sleeve having a radius of not more than about 1mm. 

30 
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7. A composite conductor according to any preceding claim, the strands in the 
bundle' of conductor material being collectively twisted around the longitudinal 
centreline of the conductor bundle, thereby to reduce winding losses from eddy 
currents. 

5 

8. A composite conductor according to any preceding claim, that at least one 
insulating filler material in the polymer insulating sleeve being a metallic oxide and/or a 
metallic nitride. 

10 9. A composite conductor according to any preceding claim, the polymeric sleeve 
material comprising a high-temperature resistant polymer. 

10. A composite conductor according to claim 9, the polymeric sleeve material 
comprising a fluoropolymer or an aromatic polymer. 

15 

11. A composite conductor according to any preceding claim, the conductive 
coating material comprising a graphitic or silicon based material 

11. A composite conductor according to claim 1 1, the conductive coating material 
20 comprising a high-temperature resistant polymer or paint material which has sufficient 

of the conductive material incorporated therein to render it conductive. 

12. A composite conductor according to claim 11 or claim 12, the conductive 
coating material being an extruded film. 

25 

13. A composite conductor according to any preceding claim, the conductor 
strands being insulated from each other by means of a high-temperature resistant 
insulating coating applied to each strand during manufacture of the strands before their 
incorporation into the conductor bundle. 

30 
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14. A composite conductor according to any one of claims 1 to 13, the conductor 
strands being insulated from each other by means of impregnation of the conductor 
bundle with a curable high-temperature resistant insulating material during 
incorporation of the strands into the conductor bundle. 

5 

15. A process for making a composite conductor, comprising the steps of 
gathering together a plurality of strands of conductor material into a conductor 

bundle and twisting the bundled strands bodily about a longitudinal centreline of the 
bundle to form a twisted conductor bundle,. 
10 impregnating the conductor bundle with a curable high-temperature resistant 

insulating material, the impregnation occurring one of simultaneously with the 
gathering and twisting process and subsequent thereto^ 

applying a coating of conductive material to the exterior of the twisted 
conductor bundle to form a first, inner, corona shield, 
1 5 extruding an insulating sleeve of homogeneous polymeric material onto the 

coating of conductive material on the conductor bundle, the polymeric material having 
been previously filled with at least one insulating filler material which conducts heat 
more efficiently than the polymer alone, and 

applying a coating of conductive material to the outer surface of the insulating 
' *20 sleeve to form a second, outer, corona shield; 

wherein each strand of conductor material is provided with an insulating 
coating by at least one of coating the strands before the formation of the conductor 
bundle, and coating the strands during the impregnation step. 

25 16. A process according to claim 16, in which after twisting of the bundle, the 
bundle is formed to a predetermined cross-sectional shape. 

17. A process according to claim 17, in which the predetermined cross-sectional 
shape is rectangular. 

30 
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18. A process according to any one of claims 16 to 18^ in which the impregnated 
conductor bundle is partially cured before the coating of conductive material is applied 
to the outside of the conductor bundle. 

5 19. A stator for a rotary electrical machine, comprising a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the 
stator, each slot housing a v/inding comprising a plurality of turns of a single length of 
a composite conductor constituted according to claim 1, successive turns of the 
composite conductor being in contact and in radial registration with each other. 



20, A stator for a rot£iry electrical machine, comprising a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the 
stator, each slot housing a winding comprising a plurality of turns comprising a 
plurality of lengths of a composite conductor constituted according to claim 1, 

1 5 successive turns of the composite conductor being in contact and in radial registration 
with each other. 

21, A stator according to claim 20 or claim 21, the winding being retained in its 
slot by a high thermal conductivity, electrically insulating retaining means fixed in the 

20 radially outer end of the slot. 

22, A method of making a stator constituted according to claim 21 or claim 22, in 
which the conductor bundle has been impregnated v^th a curable high-temperature 
insulation material and is wound onto the stator core while the curable high- 

25 temperature insulation material is only partly cured, attaching support means to the 
composite conductor where it is unsupported by the stator slots, and heat treating the 
completed stator to cure the curable high-temperature insulation material and produce 
a rigid stator winding. 



10 



30 23. A composite conductor substantially as described herein, with reference to 
Figures 2 to 4 of the accompanying drawings. 
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24. A method of manufacturing a composite conductor substantially as described 
herein, with reference to Figures 2 to 5 of the accompanying drawings, 

5 25. A stator for a rotary electrical machine substantially as described herein, with 
reference to Figure 4 of the accompanying drawings. 

26, A method of manufacturing a stator for a rotary electrical machine substantially 
as described herein, with reference to Figure 4 of the accompanying drawings. 



0 
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AMENDED CLAIMS 

[received by the International Bureau on 6 September 2000 (06.09.00); 
original claims 24-26 cancelled; original claim 8 amended; 
claims 11-22 renumbered as claims 12-23 other claims unchanged (3 pages)] 



7. A composite conductor according to any preceding claim, the strands in the 
bundle of conductor material being collectively twisted around the longitudinal 
centreline of the conductor bundle, thereby to reduce winding losses from eddy 
currents. 

5 

8. A composite conductor according to any preceding claim, the at least one 
insulating filler material in the polymer insulating sleeve being a metallic oxide and/or a 
metallic nitride, 

10 9. A composite conductor according to any preceding claim, the polymeric sleeve 
material comprising a high-temperature resistant polymer. 

10. A composite conductor according to claim 9, the polymeric sleeve material 
comprising a fluoropolymer or an aromatic polymer. 

15 

11. A composite conductor according to any preceding claim, the conductive 
coating material comprising a graphitic or silicon based material. 

12. A composite conductor according to claim 1 1, the conductive coating material 
20 comprising a high-temperature resistant polymer or paint material which has sufficient 

of the conductive material incorporated therein to render it conductive. 

13. A composite conductor according to claim 11 or claim 12, the conductive 
coating material being an extruded film. 

25 

14. A composite conductor according to any preceding claim, the conductor 
strands being insulated from each other by means of a high-temperature resistant 
insulating coating applied to each strand during manufacture of the strands before their 
incorporation into the conductor bundle. 

30 
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15. A composite conductor according to any one of claims 1 to 13, the conductor 
strands being insulated from each other by means of impregnation of the conductor 
bundle with a curable high-temperature resistant insulating material during 
incorporation of the strands into the conductor bundle. 

5 

16. A process for making a composite conductor, comprising the steps of: 
gathering together a plurality of strands of conductor material into a conductor 

bundle and twisting the bundled strands bodily about a longitudinal centreline of the 

bundle to form a twisted conductor bundle, 
10 impregnating the conductor bundle with a curable high-temperature resistant 

insulating material, the impregnation occurring one of simuhaneously with the 

gathering and twisting process and subsequent thereto, 

applying a coating of conductive material to the exterior of the twisted 

conductor bundle to form a first, inner, corona shield, 
1 5 extruding an insulating sleeve of homogeneous polymeric material onto the 

coating of conductive material on the conductor bundle, the polymeric material having 

been previously filled with at least one insulating filler material which conducts heat 

more efficiently than the polymer alone, and 

applying a coating of conductive material to the outer surface of the insulating 
20 sleeve to form a second, outer, corona shield, 

wherein each strand of conductor material is provided with an insulating 

coating by at least one of coating the strands before the formation of the conductor 

bundle, and coating the strands during the impregnation step. 

25 17. A process according to claim 16, in which after twisting of the bundle, the 
bundle is formed to a predetermined cross-sectional shape. 

18. A process according to claim 17, in which the predetermined cross-sectional 
shape is rectangular. 

30 
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19. A process according to any one of claims 16 to 18, in which the impregnated 
conductor bundle is partially cured before the coating of conductive material is applied 
to the outside of the conductor bundle. 

5 20. A stator for a rotary electrical machine, comprising a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the 
stator, each slot housing a winding comprising a plurality of turns of a single length of 
a composite conductor constituted according to claim 1, successive turns of the 
composite conductor being in contact and in radial registration with each other. 



21. A stator for a rotary electrical machine, comprising a laminated steel core 
provided with a plurality of radially oriented slots extending longitudinally of the 
stator, each slot housing a winding comprising a plurality of turns comprising a 
plurality of lengths of a composite conductor constituted according to claim 1, 

15 successive turns of the composite conductor being in contact and in radial registration 
with each other. 

22. A stator according to claim 20 or claim 21, the winding being retained in its 
slot by a high thermal conductivity, electrically insulating retaining means fixed in the 

20 radially outer end of the slot, 

23. A method of making a stator constituted according to claim 21 or claim 22, in 
which the conductor bundle has been impregnated with a curable high-temperature 
insulation material and is wound onto the stator core while the curable high- 

25 temperature insulation material is only partly cured, attaching support means to the 
composite conductor where it is unsupported by the stator slots, and heat treating the 
completed stator to cure the curable high-temperature insulation material and produce 
a rigid stator winding. 
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(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 
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I S Basis of the report 
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
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Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
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Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1-16 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this Itenn. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 andlor 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed XoqBShBX with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Claims, No.: 



1-26 



as originally filed 



Drawings, sheets: 



1/4-4/4 



as originally filed 
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n 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing suet) amendments must be referred to under item 1 and annexed to tfiis 
report,) 

6. Additional observations, if necessary: 

111. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined In respect of: 

n the entire international application. 
K claims Nos. 23-26. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specif^): 

M the description, claims or drawings (indicate particular elements below) or said claims Nos. 23-26 are so 
unclear that no meaningful opinion could be formed (specify): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful Internationa! preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-7, 9-12, 14-18, 21-22 



because; 
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No: 



Claims 



8, 13,19-20 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



14-18, 22 
1-13, 19-21 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-22 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item 111 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1 . Clainns 23-26 solely rely on references to the drawings (see Section VIII. 1 of this 
report). It is therefore difficult, if not impossible, to deternnine the matter for which 
protection is sought by said claims. Hence, no opinion is established for claims 
23-26. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents : 

D1 : EP-A-0 266 602 (ASEA AB) 1 1 May 1988, 
D2: EP-A-0 951 132 (ABB RESEARCH LTD) 20 October 1999, 
D3: US-A-5 710 475 (BAUMGARTNER CHARLES EDWARD ET AL) 20 January 
1998, 

D4: EP-A-0 760 282 (KANEGAFUCHI CHEMICAL IND) 5 March 1997, 
D5: DE 195 47 229 A (ASEA BROWN BOVERl) 19 June 1997, 
D6: US-A-4 008 409 (RHUDY RALPH G ET AL) 15 February 1977 and, 
D7: GB-A-1 526 081 (WESTINGHOUSE ELECTRIC CORP.) 27 September 
1978. 

Document D7 was not cited in the international search report. 

2.1 The present application does not meet the requirements of Article 33(3) PCT, 
because the subject-matter of claim 1 does not involve an inventive step, the 
reason being as follows : 

2.2 Document D1 , which is considered to represent the most relevant state of the art, 
discloses (of. Figure 2) : 

a composite conductor suitable for use as a winding of a high voltage 
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electrical machine (cf. column 2, lines 52-54), 

a plurality of strands (18) of conductor material forming a conductor bundle 
(17) which in cross-section is of generally rectangular shape, 
the strands (18) being insulated (19) from each other within the bundle (17), 
an insulation sleeve (14) of substantially homogeneous polymeric material 
(cf. column 3, lines 30-34), 

the insulation sleeve (14) having a generally rectangular shape in cross- 
section and, 

the polymeric material being filled with at least one electrically insulating filler 
material which conducts heat more efficiently that the polymer alone (cf. 
column 2, lines 1-6). 

2.3 The subject-matter of claim 1 differs from this disclosure in that conductive 
material forming a corona shield coating at the inner and outer surfaces of the 
insulation sleeve is provided. 

The problem to be solved by the present invention may therefore be regarded as 
to prevent electrical degradation of the insulation sleeve due to corona discharges 
across voids between the conductor material and the insulation sleeve and across 
voids between the insulation sleeve and the stator slot walls. 

However, a solution to this problem has already been proposed in a similar 
composite conductor, see document D6, column 4, lines 23-28. It would be 
obvious to the person skilled in the art, namely when the same result is to be 
achieved, to apply these features with corresponding effect to a composite 
conductor according to document D1 , thereby arriving at a composite conductor 
according to claim 1 . The subject-matter of claim 1 does therefore not involve an 
inventive step (Article 33(3) PCT), 

3. Rounding the corners of rectangular shaped conductor bundles and insulation 
sleeves is a measure well-known to those skilled in the art in order to prevent 
corona discharge at these corners (cf. document D7, page 1 , lines 10-22). The 
solutions provided by subject-matter of claims 2-6 therefore come within the scope 
of the customary practice followed by persons skilled in the art. Consequently, the 
subject-matter of claims 2-6 lacks an inventive step. 
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4. Twisting a conductor bundle around the longitudinal centerline of the bundle in 
order to reduce losses from eddy currents is a normal design procedure. The 
subject-matter of claim 7 does not involve an inventive step and does not satisfy 
the criterion set forth in Article 33(3) PCT. 

5. The features introduced by the subject-nnatter of claim 8 are known from 
document D1 (cf. column 2, lines 1-6). 

6. A high-temperature resistant polymeric sleeve material comprising a fluoro 
polymer or an aromatic polymer is known from document D3 (cf. column 2, lines 
30-37). The skilled person would therefore regard it as a normal design option to 
include this feature in the composite conductor described in document D1 in order 
to solve the problem underlying claims 9 and 10. The subject-matter of claims 9 
and 10 does not therefore involve an inventive step. 

7. The subject-matter of claims 11,11' and 1 2 is known from document D6 (cf . 
column 4, line 60 - column 5, line 33). The skilled person would therefore regard 
it as a normal design option to include these features in the composite conductor 
described in document D1 in order to solve the problems underlying these claims. 
The subject-matter of said claims does not therefore involve an inventive step. 

8. The features introduced by the subject-matter of claim 1 3 are known from 
document D1. 

9. Document D1 nor any of the other prior art documents show the additional 
features introduced by claim 14. The subject-matter of claim 14 is therefore new 
and involves an inventive step. 

1 0.1 Document D1 , representing the most relevant state of the art, does not disclose a 
process for making a composite conductor comprising the steps of : 

gathering together a plurality of strands of conductor material into a 
conductor bundle and twisting the bundled strands bodily about a 
longitudinal centerline of the bundle to form a twisted conductor bundle, 
applying a coating of conductive material to the exterior of the twisted 
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conductor bundle to form a first, inner, corona shield, 
extruding an insulating sleeve of homogeneous polymeric material onto the 
coating of conductive material on the conductor bundle, the polymeric 
material having been previously filled with at least one insulating filler 
material which conducts heat more efficiently than the polymer alone and, 
applying a coating of conductive material to the outer surface of the 
insulating sleeve to form a second, outer, corona shield; wherein each strand 
of conductor material is provided with an insulating coating by at least one of 
coating the strands before the formation of the conductor bundle, and 
coating the strands during the impregnation step. 

10.2 The problem to be solved may therefore be regarded as to provide a process for 
making a composite conductor with an insulation sleeve resistant against 
electrical degradation and with reduced winding losses from eddy currents. 

None of the available prior art documents discloses or suggests a process 
comprising the abovementioned steps. The subject-matter of independent claim 
15 is therefore novel (Article 33(2) PCX) and involves an inventive step (Article 
33(3) PCT). 

1 1. Claims 16-18 are dependent on claim 15. The subject-matter of said claims is 
therefore also novel and involves an inventive step. 

12. The subject-matter of claims 19-20 is known from document D1 (cf. column 1, 
lines 5-14). 

13. Retaining means for retaining the windings in slots are well-known to those skilled 
in the art (cf. Document D5, figure 1, reference sign 6). The skilled person would 
therefore regard it as a normal design option to include this feature in the 
composite conductor described in document D1 in order to solve the problem 
underlying claim 21. The subject-matter of claim 21 does not therefore involve an 
inventive step. 

14. Document D1 nor any of the other prior art documents show the method of 
making a stator according to claim 22. The subject-matter of claim 22 is therefore 
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new and involves an inventive step. 

15. The present application is susceptible of industrial application in the sense of 
Article 33(4) PCT. 

Re Item VH 

Certain defects in the international application 

1 . Independent clainns 1 and 16 are not in the two-part fornn in accordance with Rule 
6.3(b) PCT, with those features known in combination from the prior art 
(document D1) being placed in the preamble (Rule 6.3(b)(i) PCT) and with the 
remaining features being included in the characterising part (Rule 6.3(b)(ii) PCT). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3. Claims 1 1'-26 should be renumbered as claims 12-27. 

4. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in documents D1, D3, D6 and D7 is not mentioned in the description, 
nor are these documents identified therein. 

5. According to the requirements of Rule 1 1 .1 3(1) reference signs not appearing in 
the description shall not appear in the drawings, and vice versa. This requirement 
is not met in view of the reference signs 16 (wedge) and H (height of insulating 
sleeve) which appear in the description but not in the figures. 

Re Item VIII 

Certain observations on the international application 

1 , According to Rule 6.2(a) PCT, claims should not rely on references to the 

drawings (see PCT International Preliminary Examination Guidelines, III-4.10). 
Claims 23-26 solely rely on such references. It is therefore difficult, if not 
impossible, to determine the matter for which protection is sought by said claims. 
Claims 23-26 do not meet the requirements of Article 6 PCT. 
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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the Intemationai Bureau. 

This Intemationai Search Report consists of a total of 3 sheets. 

[X| It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the intemationai search was carried out on the basis of the intemationai application in tiie 
language in which it was filed, unless othenwise indicated under this item. 

I I tiie international search was carried out on the basis of a translation of the intemationai application furnished to this 
^ Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the intemationai application, the international search 
was carried out on the basis of the sequence listing : 
I I contained in the intemationai application in written fonn. 

filed togetiier with the intemationai application in computer readable fomn. 
fiimished subsequentiy to this Authority in written fonn. 
fumished subsequentiy to tills Autiiority in computer readble form. 

ttie statement that tiie subsequentiy fumished written sequence listing does not go beyond the disclosure in the 
international application as filed has been fumished. 



□ 
□ 
□ 
□ 



2. 
3. 



I I tiie statement tiiat the information recorded in computer readable form is identical to the written sequence listing has been 
fumished 

[~| Certain claims were found unsearchable (See Box I). 
I I Unity of Invention Is lacking (see Box 11). 



4. With regard to the title, 

pr| tiie text is approved as submitted by tiie applicant. 

I I tiie text has been established by this Autiiority to read as follows: 



With regard to tiie abstract, 

[X] the text is approved as submitted by tfie applicant. 

□ tiie text has been established, according to Rule 38.2(b), by tiiis Autiiority as it appears in Box III. The applicant may, 
within one month from tiie date of mailing of this intemationai search report, submit commente to tiiis Autiiority. 

The figure of tiie drawings to be published witii tiie abstract is Rgure No. 2 

[X] as suggested by tiie applicant. None of tfie figures. 

I I because the applicant failed to suggest a figure. 

I I because tiiis figure better characterizes tiie invention. 
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international preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3- Where required by any of the eJected Offices, the international Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the Internationa! preliminary examination report. It is the applicant's 
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